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(57)Abstract: 

PROBLEM TO BE SOLVED: To secure high sensitivity and high 
stability in a magneto-resistive sensor using a magneto-resistive 
sensor film of a GMR effect film or a TMR effect film and a 
magnetic flux guide. 

SOLUTION: Magnetization of the magnetic flux guide 10 and a 
first ferromagnetic layer 22 which is a free layer of a GMR or 
TMR effect sensor film are bonded anti-ferromagnetically 
through a non-magnetic intermediate layer 21. Since the 
practical magnetization quantity at a part where the magneto- 



resistive sensor film is disposed is reduced, thereby increases an ~H~~~^r, 
angle of magnetization of the first ferromagnetic layer 22 rotated ^^-^^^ZI^^ 
by the magnetic field guided by the magnetic flux guide 10, high 
sensitivity can be obtained. By further providing a longitudinal 
bias applying layer 33 to the magnetic flux guide 10, a 
longitudinal bias magnetic field is applied also to the first 
ferromagnetic layer 22 bonded anti-ferromagnetically to the 
magnetic flux guide 10, thereby suppresses the Barkhausen 
noise of both the magnetic flux guide 10 and the first 
ferromagnetic layer 22. 
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CLAIMS 



[Claim(s)] 

[Claim 1] A magnetic-reluctance sensor film equipped with the ferromagnetic layer which the direction of magnetization 
rotates according to the size of the magnetic field impressed. The electrode of the couple for passing signal-detection 
current on the aforementioned magnetic-reluctance sensor film. The flux guide for leading the magnetic leakage flux 
from a magnetic-recording medium to the aforementioned magnetic-reluctance sensor film. It is the 
magnetic-reluctance sensor equipped with the above, and the ferromagnetic layer which the direction of magnetization 
rotates according to the size of the magnetic field to which the aforementioned magnetic-reluctance sensor film is 
impressed is characterized by having combined with the aforementioned flux guide in antiferromagnetism. 
[Claim 2] A magnetic-reluctance sensor film equipped with the ferromagnetic layer which the direction of magnetization 
rotates according to the size of the magnetic field impressed. The electrode of the couple for passing signal-detection 
current on the aforementioned magnetic-reluctance sensor film. The flux guide for leading the magnetic leakage flux 
from a magnetic-recording medium to the aforementioned magnetic-reluctance sensor film. It is the 
magnetic-reluctance sensor equipped with the above, and the ferromagnetic layer which the direction of magnetization 
rotates according to the size of the magnetic field to which the aforementioned magnetic-reluctance sensor film is 
impressed is characterized by having combined with the aforementioned flux guide in antiferromagnetism through the 
nonmagnetic interiayer who consists of Ru, Cr, Rh, Ir(s), or those alloys. 

[Claim 3] It is the magnetic-reluctance sensor characterized by having connected magnetically in the position which 
the aforementioned flux guide consisted of the 1st flux-guide section and the 2nd flux-guide section, and the above 1st 
and the 2nd flux-guide section were continuing in the element height direction from the aforementioned medium 
opposite side in the magnetic-reluctance sensor according to claim 1 or 2, and is distant from the aforementioned 
medium opposite side in the element height direction from the aforementioned magnetic-reluctance sensor film. 
[Claim 4] The magnetic-reluctance sensor characterized by preparing the vertical bias impression layer for suppressing 
a Barkhausen noise to the aforementioned flux guide in a magnetic-reluctance sensor according to claim 1, 2, or 3. 
[Claim 5] In the magnetic-reluctance sensor of a claim 1-4 given in any 1 term the aforementioned 
magnetic-reluctance sensor film It has the 1st ferromagnetic layer and the 2nd ferromagnetic layer by which the 
laminating was carried out through the tunnel barrier layer. The ferromagnetic layer of the above 1 st is a 
magnetic-reluctance sensor characterized by electric resistance changing, when the direction of magnetization rotates 
according to the magnetic field impressed and the relative angle of the direction of magnetization of the ferromagnetic 
layer of the above 1 st and the direction of magnetization of the ferromagnetic layer of the above 2nd changes. 
[Claim 6] The magnetic head characterized by including the reproducing head characterized by providing the following. 
The magnetic-reluctance sensor film which has the ferromagnetic layer which the direction of magnetization rotates 
according to the size of the magnetic field impressed. The electrode of the couple for passing signal-detection current 
on the aforementioned magnetic-reluctance sensor film. The flux guide for having combined with the ferromagnetic 
layer which the direction of magnetization rotates according to the size of the magnetic field to which the 
aforementioned magnetic-reluctance sensor film is impressed in antiferromagnetism, and leading the magnetic leakage 
flux from a magnetic-recording medium to the aforementioned magnetic-reluctance sensor film. 

[Claim 7] The magnetic head characterized by including the reproducing head characterized by providing the following. 
It is the magnetic-reluctance sensor film which is equipped with the 1 st ferromagnetic layer and the 2nd ferromagnetic 
layer by which the laminating was carried out through the tunnel barrier layer, and the direction of magnetization 
rotates according to the magnetic field to which the ferromagnetic layer of the above 1st is impressed. The electrode 
of the couple for passing signal-detection current on the aforementioned magnetic-reluctance sensor film. The flux 
guide for combining with the ferromagnetic layer of the above 1 st of the aforementioned magnetic-reluctance sensor 
film in antiferromagnetism through the nonmagnetic interiayer who consists of Ru, Cr, Rh, IKs), or those alloys, and 
leading the magnetic leakage flux from a magnetic-recording medium to the aforementioned magnetic-reluctance 
sensor film. 

[Claim 8] The magnetic head characterized by including the reproducing head characterized by providing the following. 
It is the magnetic-reluctance sensor film from which it has the 1st ferromagnetic layer and the 2nd ferromagnetic layer 
by which the laminating was carried out through the nonmagnetic conductive layer, and electric resistance changes 
when the direction of magnetization rotates the ferromagnetic layer of the above 1st according to the magnetic field 
impressed and the relative angle of the direction of magnetization of the ferromagnetic layer of the above 1 st and the 
direction of magnetization of the 2nd ferromagnetic layer changes. The electrode of the couple for passing 
signal- detection current on the aforementioned magnetic-reluctance sensor film. The flux guide for combining with the 
ferromagnetic layer of the above 1st of the aforementioned magnetic-reluctance sensor film in antiferromagnetism 
through the nonmagnetic interiayer who consists of Ru, Cr, Rh, Ms), or those alloys, and leading the magnetic leakage 
flux from a magnetic-recording medium to the aforementioned magnetic-reluctance sensor film. 
[Claim 9] The magnetic head characterized by preparing the vertical bias impression layer for suppressing a 
Barkhausen noise to the aforementioned flux guide in the magnetic head according to claim 6, 7, or 8. 
[Claim 1 0] Magnetic storage including the magnetic head equipped with the magnetic-recording medium characterized 
by providing the following, and the Records Department and the reproduction section, the driving means which make 
the aforementioned magnetic head motion relatively to the aforementioned magnetic-recording medium, and a record 
regenerative-signal processing means. The reproduction section of the aforementioned magnetic head is a 
magnetic-reluctance sensor film containing the ferromagnetic layer which the direction of magnetization rotates 
according to the size of the magnetic field impressed. The electrode of the couple for passing signal-detection current 



1 \/U^i^ /T3^o^^.H^I iLycilOW AJZLO/LZ. 



on the aforementioned magnetic-reluctance sensor film. The flux guide for combining with the ferromagnetic layer 
which the direction of magnetization rotates according to the size of the magnetic field to which the aforementioned 
magnetic-reluctance sensor film is impressed in antiferromagnetism, and leading the magnetic leakage flux from the 
aforementioned magnetic-recording medium to the aforementioned magnetic-reluctance sensor film. 
[Claim 11] The magnetic-reluctance sensor film with which the 1st ferromagnetic layer, a non-magnetic layer, the 2nd 
ferromagnetic layer, and the antiferromagnetism layer were formed in order. The electrode of the couple for passing 
signal-detection current on the aforementioned magnetic-reluctance sensor film. The flux guide for leading the 
magnetic leakage flux from a magnetic-recording medium to the aforementioned magnetic-reluctance sensor film. It is 
the magnetic-reluctance sensor equipped with the above, and the ferromagnetic layer and the aforementioned flux 
guide of the above 1st are characterized by being formed through the nonmagnetic interlayer who consists of Ru, Cr, 
Rh, Hs), or those alloys. 

[Claim 12] It is the magnetic-reluctance sensor characterized by the aforementioned non-magnetic layer being a 
tunnel barrier layer in a magnetic-reluctance sensor according to claim 1 1 . 

[Claim 1 3] The magnetic head characterized by providing the following. The magnetic-reluctance sensor film with which 
the 1 st ferromagnetic layer, a non-magnetic layer, the 2nd ferromagnetic layer, and the antiferromagnetism layer were 
formed in order. The electrode of the couple for passing signal-detection current on the aforementioned 
magnetic-reluctance sensor film. The flux guide for leading the magnetic leakage flux from a magnetic-recording 
medium to the aforementioned magnetic-reluctance sensor film. The nonmagnetic interlayer who consists of Ru, CKs), 
Rh(s) and IKs) which were formed between flux guides and the ferromagnetic layers of the above 1st concerned, or 
those alloys. 

[Claim 1 4] It is the magnetic head characterized by the aforementioned non-magnetic layer being a tunnel barrier layer 
in the magnetic head according to claim 13. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the magnetic-reluctance sensor which induces 
the MAG, the magnetic head which reproduces the information recorded magnetically, using the magnetic-reluctance 
sensor as a reproduction element, and a magnetic recorder and reproducing device. 
[0002] 

[Description of the Prior Art] The improvement in the recording density in a magnetic recorder and reproducing device, 
especially a magnetic disk unit is remarkable, and the high reproduction output is demanded of the reproducing head 
which is the key device of a magnetic disk unit. In order to obtain a high reproduction output in high recording density, 
the interval between a magnetic disk and the magnetic head (head flying height) is small. Although the present head 
flying height is about about 30nm, it becomes still smaller from now on, and a bird clapper can be considered in the 
false contact state where the magnetic head has surfaced in the magnetic disk and the state almost near contact, or 
the contact state of being in contact In this case, if the GMR effect film which is a reproduction element is exposed to 
th medium opposite side of the magnetic head, it is possible that the injury on the GMR effect film by wear takes 
place. The magnetic head which prepared the flux guide extended in the element height direction from the medium 
opposite side in JP,1 0-3344 18,A as a method of avoiding this is indicated, the strong magnetic layer (free layer) of the 
GMR effect film from which the magnetization direction changes in this magnetic head according to an external 
magnetic field — a part of flux guide — it turned the direct laminating up and magnetization of a free layer has 
combined with magnetization of a flux guide in ferromagnetism magnetically 

[0003] Moreover, examination of a high increase in power is performed also in the magnetic-reluctance sensor film. In 
recent years, the magnetoresistance-effect type (MR) head which used the magnetoresistance effect as the 
reproducing head is used In several Gb/inch about two recording density, although the MR head (AMR head) using the 
anisotropy magnetoresistance effect (the AMR effect) was used, since it becomes the shortage of sensitivity by the 
AMR effect in the recording density beyond it, the MR head (GMR head) using the huge magnetoresistance effect (the 
GMR effect) is used. 

[0004] However, in order to raise recording density further from now on, the still bigger reproduction output more than 
present is needed, although research and development of the new magnetoresistance-effect film which replaces the 
GMR effect film are done briskly for the reason, the ferromagnetic tunnel magnetoresistance-effect (TMR effect) film 
with which the tunnel barrier layer was inserted between two-layer ferromagnetic layers as one of the strong candidate 
of the attracts attention for example in the composition which inserted aluminum oxide film into journal 
OBUMAGUNETIZUMU- of the 1995 publication and - magnetic MATERIARUZU, the 139th volume, and L231-L234 page 
between two-layer Fe layers, the TMR effect film is reported, if about 18% of resistance rate of change was obtained at 
the room temperature Moreover, the MR head which used the TMR effect film as a magnetic-reluctance sensor film is 
indicat d by JP,3-154217A 
[0005] 

[Problem(s) to be Solved by the Invention] the ferromagnetic layer (a free layer) of the GMR effect film from which, as 
for JP,1 0-3344 18,A, the magnetization direction changes according to an external magnetic field — some flux-guide 
films — although magnetization of a free layer is indicating the GMR effect head magnetically combined with 
magnetization of a flux guide by turning a direct laminating up, the magnetic combination in this case is 
ferromagnetism-combination in this structure, magnetization of a flux guide rotates according to the magnetic field from 
a medium, magnetization of the free layer combined with magnetization of a flux guide in ferromagnetism by it also 
rotates, a relative angle with magnetization of the strong magnetic layer (fixed bed) of the GMR effect film from which 
the magnetization direction does not change with external magnetic fields changes, and resistance change is produced 
However, in the portion which the flux guide and free layer used as the source which produces resistance change have 
combined in ferromagnetism, since the efficiency-amount of magnetization is large, compared with the portion in which 
a free layer does not exist in a flux guide, it is hard coming to rotate magnetization, sensitivity falls as the result, and 
there is a problem that it is difficult to raise a reproduction output. 

[0006] By the way, in order to apply the TMR effect film to an MR head, there is a problem which should be solved. The 
composition of the magnetic-reluctance sensor film of the MR head using the AMR effect and the GMR effect is a 
horizontal bias impression layer / nonmagnetic conductive layer / AMR ferromagnetism layer, and a free layer / 
nonmagnetic conductive layer / fixed bed / antiferromagnetism layer, for example, respectively, and, generally all layers 
consist of metal membranes. On the other hand, in the TMR effect film, fundamental composition is a free layer / 
tunnel barrier layer / fixed bed, among these the thickness of a tunnel barrier layer is a metal oxide film several nm or 
less. Since the TMR effect is what produces by electron tunneling between the ferromagnetic layers through this 
tunnel barrier layer, it is necessary to produce so that a tunnel barrier layer may not connect too hastily in a head 
production process, and technology peculiar to a TMR head which is different from the conventional MR head in 
arrangement, the production process, etc. of the vertical bias impression layer for suppressing the Barkhausen noise of 
a free layer is required. 

[0007] There is no description about a vertical bias impression layer indispensable to stable head operation in 
above-mentioned journal OBUMAGUNETIZUMU- and - magnetic MATERIARUZU, the 139th volume, L231-L234 page, 
and JP.3-154217A 

[0008] moreover, it is alike and it is following, and in order it detects by passing sense current perpendicularly to a film 
surface to the AMR effect film and the GMR effect film a film is used for a present MR head passing sense current to 
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the film-surface inboard of these films, and detecting a magnetic field in the case of a TMR effect film, it increases and 
the resistance of a TMR effect element has the problem element size becomes small to a problem that where of a 
noise increases by this 

[0009] Furthermore, when it is made the structure which exposed the magnetic-reluctance sensor film to the medium 
opposite side like the conventional MR head, there is also a problem that there is a possibility that the two-layer 
ferromagnetic layer of the upper and lower sides of a tunnel barrier layer may short-circuit, at the time of lap 
processing of a medium opposite side, and very minut processing technology is needed for it. 

[0010] if the structure currently indicated by JP, 1 0-3344 18.A is applied to the TMR effect film, since these problems 
can make element resistance small since they can enlarge element size and a barrier layer will not expose them to a 
medium opposite side furth r — simplistic — since it is reliable, although it is thought that it is solvable, there is a 
problem that where of sensitivity falls as mentioned above 

[001 1] The purpose of this invention is by aiming at improvement in sensitivity in the structure using a flux guide, 
without exposing magnetic-reluctance sensor films, such as a GMR effect film and a TMR effect film, to a medium 
opposite side, and impressing a vertical bias magnetic field to both free layers of a flux guide and a 
magnetic-reluctance sensor film to offer the magnetic-reluctance sensor which has high sensitivity and high stability. 
Other purposes of this invention are to offer the magnetic recorder and reproducing device of high recording density 
which carried the high sensitivity magnetic head using the magnetic-reluctance sensor which has high sensitivity and 
high stability as a reproduction element, and its magnetic head. 
[0012] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the structure of the following 
magnetic-reluctance sensors is adopted in this invention. First, in order to obtain high sensitivity, the structure of 
combining in antiferromagnetism the 1st ferromagnetic layer (layer which is in contact with the interiayer when a free 
layer or a free layer is a laminated structure) which the direction of magnetization rotates according to the size of the 
magnetic field impressed among two or more magnetic layers which constitute the flux guide and magnetic-reluctance 
sensor film for leading the magnetic leakage flux from a magnetic-recording medium to a magnetic-reluctance sensor 
film through a nonmagnetic interiayer was adopted. Moreover, in order to realize high stability, the structure of 
preparing the vertical bias impression layer for suppressing a Barkhausen noise in a flux guide was adopted. If the 1st 
ferromagnetic layer of a flux guide and a magnetic-reluctance sensor film has joined together in antiferromagnetism, 
the vertical bias magnetic field impressed to the flux guide can be impressed to the 1 st ferromagnetic layer of a 
magnetic-reluctance sensor as it is through a nonmagnetic interiayer. 

[0013] Namely, a magnetic-reluctance sensor film equipped with the ferromagnetic layer which the direction of 
magnetization rotates according to the size of the magnetic field to which the magnetic-reluctance sensor by this 
invention is impressed. In a magnetic-reluctance sensor equipped with the electrode of the couple for passing 
signal-detection current on a magnetic-reluctance sensor film, and the flux guide for drawing the magnetic leakage flux 
from a magnetic-recording medium at a magnetic-reluctance sensor film The ferromagnetic layer which the direction of 
magnetization rotates according to the size of the magnetic field to which a magnetic-reluctance sensor film is 
impressed is characterized by having combined with the flux guide in antiferromagnetism. 

[0014] The magnetic-reluctance sensor film is arranged inside the element, without exposing to a medium opposite 
side, the end face was exposed to the medium opposite side, and the flux guide has extended across the position of a 
magnetic-reluctance sensor film in the element height direction. 

[001 5] The magnetic-reluctance sensor by this invention Moreover, a magnetic-reluctance sensor film equipped with 
the ferromagnetic layer which the direction of magnetization rotates according to the size of the magnetic field 
impressed, In a magnetic-reluctance sensor equipped with the electrode of the couple for passing signal-detection 
current on a magnetic-reluctance sensor film, and the flux guide for drawing the magnetic leakage flux from a 
magnetic-recording medium at a magnetic-reluctance sensor film The ferromagnetic layer which the direction of 
magnetization rotates according to the size of the magnetic field to which a magnetic-reluctance sensor film is 
impressed is characterized by having combined with the flux guide in antiferromagnetism through the nonmagnetic 
interiayer who consists of Ru, Cr, Rh, Ir(s), or those alloys. 

[0016] The flux-guide section can consist of magnetic films of one sheet Moreover, a flux guide can also consist of the 
1st flux-guide section and the 2nd flux-guide section. In this case, the 1st and 2nd flux-guide sections are made to 
continue in the element height direction from a medium opposite side, and are magnetically connected in the position 
which is distant from a medium opposite side in the element height direction from a magnetic-reluctance sensor film. 
[001 7] It is desirable to prepare the vertical bias impression layer for suppressing a Barkhausen noise in a flux guide. By 
preparing the vertical bias impression layer for suppressing a Barkhausen noise in a flux guide, a vertical bias magnetic 
field is impressed also to the ferromagnetic layer magnetically combined with the flux guide in antiferromagnetism in 
efficiency. 

[0018] a vertical bias impression layer includes the field in which the ferromagnetic layer which the direction of 
magnetization rotates according to the size of the magnetic field impressed is in contact with the flux guide through the 
nonmagnetic interiayer — or abbreviation — in the same field, a laminating can be carried out to a flux guide and it can 
prepare Moreover, a vertical bias impression layer can be prepared in the ends of the direction of the width of recording 
track of a flux guide. When the flux guide consists of the flux-guide section of the above 1 st, and the 2nd flux-guide 
section, you may prepare between the 1 st flux-guide section and the 2nd flux-guide section. 

[0019] A magnetic-reluctance sensor film is equipped with the 1st ferromagnetic layer and the 2nd ferromagnetic layer 
by which the laminating was carried out through the tunnel barrier layer. The direction of magnetization can rotate 
according to the magnetic field impressed, and when the relative angle of the direction of magnetization of the 1 st 
ferromagnetic layer and the direction of magnetization of the ferromagnetic layer of the above 2nd changes, let the 1 st 
ferromagnetic layer be the magnetic-reluctance sensor film of the type from which electric resistance changes. 
Electric resistance changes by the relative angle of the direction of magnetization of the direction of magnetization of 
the 1st ferromagnetic layer of the 2nd ferromagnetic layer, the direction of magnetization of a certain angle of nothing 
and the 1 st ferromagnetic layer, and the direction of magnetization of the 2nd ferromagnetic layer changing, when the 
magnetic field to which the direction of the magnetization rotates and is impressed according to the magnetic field to 
which the 1 st ferromagnetic layer is impressed is zero. 

[0020] The laminating of the two-layer ferromagnetic layer is carried out once [ at least ] or more through the 
nonmagnetic conductive layer at least, and a magnetic-reluctance sensor film is good also as a magnetic-reluctance 
sensor film of the type from which electric resistance changes, when the relative angle of the direction of 
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magnetization of the ferromagnetic layer which adjoins through a nonmagnetic conductive layer changes. 
[0021] Moreover, as for the magnetic-reluctance sensor film, the laminating of the 1st ferromagnetic layer and the 2nd 
ferromagnetic layer is carried out through the nonmagnetic conductive layer. According to the magnetic field 
impressed, the direction of magnetization rotates the 1 st ferromagnetic layer, and the direction of magnetization of the 
2nd ferromagnetic layer is restrained in the abbreviation element height direction. When the magnetic field impressed is 
zero, the direction of magnetization of the 1 st ferromagnetic layer the 2nd direction and a certain angle of 
magnetization of a ferromagnetic layer Nothing, When the relative angle of the direction of magnetization of the 1 st 
ferromagnetic layer and the direction of magnetization of the 2nd ferromagnetic layer changes, it can also consider as 
the magnetic-reluctance sensor film of the type from which electric resistance chang s. 

[0022] The magnetic-reluctance sensor film which has th ferromagnetic layer which the direction of magnetization 
rotates according to the size of the magnetic field to which the magnetic head by this invention is impressed, The 
electrode of the couple for passing signal-detection current on the aforementioned magnetic-reluctance sensor film. It 
is characterized by including the reproducing head equipped with the flux guide for having combined with the 
ferromagnetic layer which the direction of magnetization rotates according to the size of the magnetic field to which 
the aforementioned magnetic-reluctance sensor film is impressed in antiferromagnetism, and leading the magnetic 
leakage flux from a magnetic-recording medium to the aforementioned magnetic-reluctance sensor film. 
[0023] The magnetic head by this invention Moreover, the magnetic-reluctance sensor film which the direction of 
magnetization rotates according to the magnetic field to which is equipped with the 1 st ferromagnetic layer and the 2nd 
ferromagnetic layer by which the laminating was carried out through the tunnel barrier layer, and the 1 st ferromagnetic 
layer is impressed. The electrode of the couple for passing signal-detection current on a magnetic-reluctance sensor 
film. It is characterized by including the reproducing head equipped with the flux guide for combining with the 1st 
ferromagnetic layer of a magnetic-reluctance sensor film in antiferromagnetism through the nonmagnetic interiayer who 
consists of Ru, Cr, Rh, IKs), or those alloys, and leading the magnetic leakage flux from a magnetic-recording medium to 
a magnetic-reluctance sensor film. 

[0024] The magnetic head by this invention is equipped with the 1st ferromagnetic layer and the 2nd ferromagnetic 
layer by which the laminating was carried out through the nonmagnetic conductive layer again. The 
magnetic-reluctance sensor film from which electric resistance changes when the direction of magnetization rotates 
the 1 st ferromagnetic layer according to the magnetic field impressed and the relative angle of the direction of 
magnetization of the 1 st ferromagnetic layer and the direction of magnetization of the 2nd ferromagnetic layer changes. 
The electrode of the couple for passing signal-detection current on a magnetic-reluctance sensor film, It is 
characterized by including the reproducing head equipped with the flux guide for combining with the 1 st ferromagnetic 
layer of a magnetic-reluctance sensor film in antiferromagnetism through the nonmagnetic interiayer who consists of 
Ru, Cr, Rh, IKs), or those alloys, and leading the magnetic leakage flux from a magnetic-recording medium to a 
magnetic-reluctance sensor film. 

[0025] It is desirable to prepare the vertical bias impression layer for suppressing a Barkhausen noise in a flux guide. As 
for the aforementioned magnetic head, it is desirable to have an induction-type thin film recording head as a recording 
head again. 

[0026] In magnetic storage including the magnetic head which the magnetic recorder and reproducing device by this 
invention equips with a magnetic-recording medium, and the Records Department and the reproduction section, the 
driving means which make the magnetic head motion relatively to a magnetic-recording medium, and a record 
regenerative-signal processing means The magnetic-reluctance sensor film containing the ferromagnetic layer which 
the direction of magnetization rotates according to the size of the magnetic field to which the reproduction section of 
the magnetic head is impressed, The electrode of the couple for passing signal-detection current on a 
magnetic-reluctance sensor film. It is characterized by having a flux guide for combining with the ferromagnetic layer 
which the direction of magnetization rotates according to the size of the magnetic field to which a magnetic-reluctance 
sensor film is impressed in antiferromagnetism, and leading the magnetic leakage flux from a magnetic-recording 
medium to the aforementioned magnetic-reluctance sensor film. 

[0027] The magnetic-reluctance sensor by this invention Moreover, the magnetic-reluctance sensor film with which 
the 1 st ferromagnetic layer, a non-magnetic layer, the 2nd ferromagnetic layer, and the antiferromagnetism layer wer 
formed in order, In a magnetic-reluctance sensor equipped with the electrode of the couple for passing signal-detection 
current on a magnetic-reluctance sensor film, and the flux guide for drawing the magnetic leakage flux from a 
magnetic-recording medium at a magnetic-reluctance sensor film The 1 st ferromagnetic layer and flux guide are 
characterized by being formed through the nonmagnetic interiayer who consists of Ru, Cr, Rh, IKs), or those alloys. Let 
a non-magnetic layer be a tunnel barrier layer. 

[0028] The magnetic head by this invention Moreover, the magnetic-reluctance sensor film with which the 1 st 
ferromagnetic layer, a non-magnetic layer, the 2nd ferromagnetic layer, and the antiferromagnetism layer were formed 
in order, The electrode of the couple for passing signal-detection current on a magnetic-reluctance sensor film, and 
the flux guide for leading the magnetic leakage flux from a magnetic-recording medium to a magnetic-reluctance sensor 
film. It is characterized by having the nonmagnetic interiayer who consists of Ru, CKs), Rh(s) and IKs) which were 
formed between flux guides and the ferromagnetic layers of the above 1st concerned, or those alloys. Let a 
non-magnetic layer be a tunnel barrier layer. 
[0029] 

[Embodiments of the Invention] First, model calculation considered the difference in the case of having combined with 
the case where a flux guide and the 1st magnetic layer have joined together in ferromagnetism, in antiferromagnetism. 
The model of calculation rotates the magnetization of the 1 st ferromagnetic layer 22 of a magnetic-reluctance sensor 
film which the magnetic flux from a medium invades into a flux guide 10 from the medium opposite side 1, and is 
carrying out (A) ferromagnetism combination and (B) antiferromagnetism combination through the flux guide 1 0 and the 
nonmagnetic interiayer 21, when there is no magnetic shielding since it is easy, as the ** type view is shown in the 
upper case of drawing 1 . Thickness set 5.6nm and the 1 st ferromagnetic layer 22 to 3.3nm for the flux guide 1 0, using 
CoFe as a two-layer ferromagnetic layer. In a ferromagnetic combination, in Ru:1.4nm and antiferromagnetism 
combination, the nonmagnetic interiayer 21 could be Ru:0.8nm. However, in the case of the above-mentioned example, 
the conditions from which it is not based on a concrete film material and thickness, but the same result will be obtained 
if the two-layer ferromagnetic layer is carrying out antiferromagnetism combination with a ferromagnetic combination, 
and the calculation result shown in drawing 1 is obtained are not limited. 

[0030] The middle and the lower berth of drawing 1 </A> express qualitatively the angle of rotation of magnetization of 
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the 1 st ferromagnetic layer 22 as the efficiency-amount of magnetization of the ferromagnetic on which the magnetic 
flux which invaded acts, respectively. Here, in a portion without the 1st ferromagnetic layer 22, although it is product 
Bs-t of the saturation magnetic flux density Bs of a flux guide 10. and Thickness t. by the portion which the 1st 
ferromagnetic layer 22 has combined, the efficiency-amount of magnetization becomes the sum of Bs-t of a flux guide 
10. and that of the 1st ferromagnetic layer 22. when (A) ferromagnetism combination is being carried out, and when (B) 
antiferromagnetism combination is being carried out, it becomes these differences. 

[0031] Therefore, since the amount of effective magnetization of the portion which the 1st ferromagnetic layer 22 has 
combined becomes small compared with the case where (A) ferromagnetism combination is being carried out when (B) 
antiferromagnetism combination is being carried out, the angle of the magnetization which rotates by the magnetic flux 
which has invaded becomes large, since a relative angle with magnetization of the fixed bed becomes large when the 
fixed bed is prepared, it considers as the GMR effect or the TMR effect and it observes, this shows that a big output is 
obtained 

[0032] Next, the gestalt of operation of this invention is explained using a drawing. 

The cross section of the magnetic-reluctance sensor which is the gestalt of 1 operation of this invention is shown in 
[gestalt 1 of operation] drawing 2 . As for a medium opposite side and 1 00, in drawing, 1 is [ the element height 
dir ction and 101 ] the directions of the width of recording track 

[0033] On a substrate (un-illustrating), the flux guide 10 which consists of nickel81Fe19 film of lOnm of thickness has 
been arranged between the up shield layer 11 which consists of nickel81Fe19 film, and the lower shield layer 12. The 
flux guide 10 is extended in the element height direction 100 from the medium opposite side 1, and is combined with the 
1 st ferromagnetic layer 22 which is the free layer of the GMR effect magnetic-reluctance sensor film in 
antiferromagnetism through the nonmagnetic interlay er 21 who is the position distant from the medium opposite side, 
for example, consists of Ru of O.Bnm of thickness. Furthermore, the laminating of the 1st ferromagnetic layer 22 is 
carried out to the 2nd ferromagnetic layer 24 by which the direction of the magnetization is restrained by switched 
connection with the antiferromagnetism layer 25 through the nonmagnetic conductive layer 231. The GMR effect 
magnetic-reluctance sensor film is constituted by these 1st ferromagnetic layer 22, the nonmagnetic conductive lay r 
231, the 2nd ferromagnetic layer 24, and the antiferromagnetism layer 25. 

[0034] In addition, all over drawing, although the ground layer 26 is formed in the bottom of the antiferromagnetism 
layer 25, if the switched connection between the 2nd ferromagnetic layer 24 and the antiferromagnetism layer 25 is 
enough to perform stable head operation, it is not necessary to form especially the ground layer 26. Moreover, betwe n 
the flux guide 10 and the GMR effect magnetic-reluctance sensor film, and the up shield layer 1 1 and the lower shield 
layer 12, insulator layers, such as an aluminum oxide and a mixed film of a silicon oxide, are formed. 
[0035] Although nickehFe, Co, Co-Fe, nickel-Fe-Co, and these cascade screens can be used for the 1st ferromagnetic 
layer 22 and the 2nd ferromagnetic layer 24, it is desirable to use material with many Co contents for an interface with 
the nonmagnetic conductive layer 231. Ag, Au, Cu(s), and these alloys can be used for the nonmagnetic conductive 
layer 231, and Ir-Mn, Mn~Pt, Mn-Pd-Pt, and nickeHMn can be used for the antiferromagnetism layer 25. 
[0036] Although the thickness which can use Cr, Rh, iKs), and those alloys besides Ru, and antiferromagnetism 
combination produces in such material as the nonmagnetic interlayer s 21 material changes with material, it is the range 
of 0.4 to 5nm in general. When such material is used for an interlayer, the combination between the two-layer 
ferromagnetic layers of the upper and lower sides is ferromagnetic joint -> antiferromagnetism joint -> ferromagnetism 
joint -> antiferromagnetism joint -> to interlayer thickness... Vibrating is known. About the cause, although it is not 
clear, it is said that it is a Ruderman-KftteHKasuya-Yoshida interaction (RKKY interaction). 

[0037] With the GMR effect magnetic-reluctance sensor film and the vertical bias impression layer ( drawing 8 , nine 
references) which formed the CoCrPt film on Cr ground film to the ends of the direction 101 of the width of recording 
track of a flux guide 10, further, the electrode which consists of Ta through TaW on it is prepared, and the GMR effect 
magnetic-reluctance sensor which operates stably is obtained. 

[0038] Thus, if an electrode is prepared in the direction of the width of recording track of a flux guide 10, since sense 
current will shunt also toward a flux-guide film and an output will decline, you may use the discontinuous multilayer of 
the magnetic substance and an oxide, for example, 10:1.5 nm Co90Fe and a silicon-oxide: LOnm multilayer, for a flux 
guide 10. The discontinuous multilayer of this magnetic substance and an oxide is the sputtering method, prepares a 
magnetic-substance target and an oxide target, and is obtained by forming membranes by turns to a substrate. 
Although it will become a continuation film in a thin film if thickness is thick, since it will become the discontinuous film 
called island-like structure if thin, a discontinuous multilayer can be created using this. 

[0039] In addition, the direction of magnetization of the 1st ferromagnetic layer 22 which is a free layer, and the 2nd 
ferromagnetic layer 24 which is the fixed bed performed and controlled the following heat treatments, after the 
membrane formation process of a reproduction element was completed (after forming the up shield layer 11). first, th 
element height direction from the temperature more than temperature T1 (T1 changes with antiferromagnetism 
material) which switched connection produces between the antiferromagnetism layer 25 and the 2nd ferromagnetic 
layer 24 — a maximum of 1 5 [ for example, ] — it cools, carrying out a temperature up to the temperature not more 
than T1, and impressing the magnetic field of IkOe in the direction of the width of recording track, after cooling among 
a magnetic field, impressing the magnetic field of kOe(s) Thereby, the direction of magnetization of the direction of 
magnetization of the 1 st ferromagnetic layer 22 of the 2nd ferromagnetic layer 24 in the direction of the abbreviation 
width of recording track can be turned in the abbreviation element height direction. 

[0040] Production of the record element which consists of a magnetic core of the couple by which the laminating was 
carried out through the record gap on the above magnetic-reluctance sensors obtains the magnetic head used for a 
magnetic recorder and reproducing device. Reproducing characteristics were evaluated about the produced magnetic 
head. The magnetic head of the example 1 of comparison which the magnetic-reluctance sensor film has exposed to 
the medium opposite side 1 for comparison (structure without a flux guide 1 0), And the magnetic head of the example 2 
of comparison which a flux guide 10 and the 1st ferromagnetic layer 22 have combined in ferromagnetism (the 
nonmagnetic interlayer s 21 thickness is set to Ru:1.4nm) Except having carried out ferromagnetic combination of a flux 
guide 10 and the 1st ferromagnetic layer 22, the magnetic head of the gestalt 1 of operation and the same head were 
also produced, and same evaluation was performed. In addition, Bs-t of a flux guide 10 made 10 nm-T and Bs-t of th 
1 st ferromagnetic layer 22 6 nm-T. 

[0041] The result which measured the head output about the magnetic head of this invention, the magnetic head of the 
example 1 of comparison, and each 30 magnetic heads of the example 2 of comparison is shown in Table 1. Evaluation 
of reproducing characteristics measured the reproduction wave by 18nm of magnetic flying heights using the head 



which created the pattern which coercive force He recorded on the CoCrPt system magnetic-recording medium by 
which 4000Oe(s) and amount Mr-t of magnetization have the property of 0.4 T-nm by the recording density of 2 
(0.010Gb/mm2) about 6.7 Gb(s)/inch. Here, Mr is the residual magnetization of medium material, t is thickness, and the 
magnetic flying height is an interval with the nose of cam of a magnetic-reluctance sensor film of the CoCrPt layer 
front face of a medium, and the medium opposite side of the reproducing head. 
[0042] 
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[0043] When the average of the reproduction output of the measured magnetic head was compared, the output with a 
magnetic-reluctance sensor film almost equivalent [ the magnetic head of this invention ] to the magnetic head 
exposed to a medium opposite side was obtained, and, as for the magnetic head for comparison which a flux guide 10 
and the 1 st ferromagnetic layer 22 have combined in ferromagnetism, only about 30% of output of the magnetic head of 
this invention was obtained. Moreover, when the magnetic head of this invention is compared with the magnetic head 
for comparison which the magnetic-reluctance sensor film has exposed to a medium opposite side, **10.6% and 
dispersion of the latter are large about dispersion in a reproduction output to the former being **4.8%. If the 
magnetic-reluctance sensor film is exposed to a medium opposite side, that dispersion becomes large in the latter 
Element height varies by dispersion in processing of a medium opposite side, and (1) element resistance changes by 
that cause, (2) The balance of three magnetic fields (the static magnetic field from the fixed bed, the layer joint 
magnetic field of the fixed bed and a free layer, magnetic field that sense current makes) which acts on a free layer 
collapses, and stopping-being in proper bias state ** is the cause. On the other hand, even if processing of a medium 
opposite side differs in the magnetic head of this invention, although the length by the side of a medium opposite side 
changes rather than the magnetic-reluctance sensor film of a flux guide 10, since the element height of a 
magnetic-reluctance sensor film does not change, element resistance and a bias state hardly change. Therefore, by 
this invention, it is a reproduction output with a magnetic-reluctance sensor film equivalent to the magnetic head 
exposed to a medium opposite side, and the small magnetic head of property dispersion can be produced. 
[0044] In the gestalt 1 of the [gestalt 2 of operation] operation, although the flux guide consists of only flux guides 1 0, 
as shown in drawing 3 , a flux guide may consist of two portions, the 1st flux-guide section 110 and the 2nd flux-guide 
section 111. In the 1st ferromagnetic layer (free layer) 22 of the GMR effect magnetic-reluctance sensor film, it has 
joined together in antiferromagnetism through the nonmagnetic interiayer 21 in a part of 1st flux-guide section 110. The 
1st flux-guide section 110 and the 2nd flux-guide section 111 have touched in the position which extended far back in 
the element height direction more rather than the position where the GMR effect magnetic-reluctance sensor film is 
arranged, these flux-guide sections 1 10,1 1 1 form the magnetic circuit, and the magnetic field which invaded from the 
medium passes along with a magnetic circuit. 

[0045] If it is made such composition, since a wave which differentiated the wave reproduced by the 
magnetic-reluctance sensor of the gestalt 1 of operation will be acquired, it is suitable for reproduction of vertical 
recording. The reproduction wave when reproducing by the magnetic-reluctance sensor of the gestalt of this operation 
which showed structure to a reproduction wave and drawing 3 when recording density is reproduced by the 
magnetic-reluctance sensor of the gestalt 1 of operation of a low solitary wav to drawing 17 is shown. If the medium 
by which vertical recording was carried out is reproduced by the magnetic head which has the flux guide 10 of one 
sheet like drawing 2 , the reproduction wave (****** wave) which has a peak in positive/negative like drawing 17 (b) 
will be acquired. Since the signal-processing system of the present magnetic disk unit is designed so that a peak may 
process the single **** wave in which only one appears, it is necessary to prepare a differential circuit separately for 
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processing this regenerative signal. However, if it reproduces by the magnetic head which has the flux-guide section 
1 1 0,1 1 1 of two sheets like drawing 3 t since a single **** wave like drawing 17 (a) is acquired and it is not necessary to 
newly design / produce a signal-processing system, it is suitable for vertical recording. 

[0046] Moreover, you may arrange the GMR effect magnetic-reluctance sensor film like drawing 4 the 1st flux-guide 
section 110 and inside the magnetic circuit which the 2nd flux-guide section 111 forms. The structure which forms the 
1st flux-guide section 1 10 and the 2nd flux-guide section 111 between the up shield layer 1 1 shown in drawing 3 , and 
the GMR effect magnetic-reluctance sensor film Although production is easy compared with the structure which 
arranges the GMR effect magnetic-reluctance sensor film inside the magnetic circuit which the 1st flux-guide section 
110 and the 2nd flux-guide section 111 which were shown in drawing 4 form Since the interval between the up shield 
layer 1 1 and the lower shield layer 12 cannot be narrowed, it becomes difficult to produce the head for high recording 
density, on the other hand, although production is difficult since only the part by which the GMR effect 
magnetic-reluctance sensor film is arranged in the flux guide can make thin thickness of a (GMR effect 
magnetic-reluctance sensor film + flux guide), the structure shown in drawing 4 has the advantage that the interval 
between the up shield layer 1 1 and the lower shield layer 1 2 can be narrowed 

[0047] Here, since sense current is passed in a film surface in the case of the GMR effect magnetic-reluctance sensor, 
sense current shunts also toward the 1st and 2nd flux-guide sections 1 10,1 1 1 which are in contact with this, and an 
output declines. Therefore, it is desirable to form these by a soft-magnetism film with high electric resistance, for 
example, the discontinuous muftilayer of the above magnetic substance and an oxide. 

[0048] [Gestalt 3 of operation] drawing 5 is drawing showing the fundamental composition of the magnetic-reluctance 
sensor which is the gestalt of other operations of this invention. With the gestalt of this operation, the TMR effect film 
is used as a magnetic-reluctance sensor film. Like the gestalt 1 of operation, the flux guide 10 is arranged between the 
up shield layer 1 1 and the lower shield layer 12, and a flux guide 10 is formed to the back rather than the position in 
which the TMR effect magnetic-reluctance sensor film of the element height direction 100 is prepared from the 
m dium opposite side 1. Magnetization of the 1st ferromagnetic layer 22 which is the free layer of a TMR 
magnetic-reluctance sensor film is combined with magnetization of a flux guide 10 in antiferromagnetism through th 
nonmagnetic interlayer 21. Furthermore, the laminating of the 1st ferromagnetic layer 22 is carried out to the 2nd 
ferromagnetic layer 24 by which the direction of the magnetization is restrained by switched connection with the 
antiferromagnetism layer 25 through the tunnel barrier layer 232. The TMR effect magnetic-reluctance sensor film is 
constituted by these 1st ferromagnetic layer 22, the tunnel barrier layer 232, the 2nd ferromagnetic layer 24, and the 
antiferromagnetism layer 25. 

[0049] Although the ground layer 26 is formed in the bottom of the antiferromagnetism layer 25, if the switched 
connection between the 2nd ferromagnetic layer 24 and the antiferromagnetism layer 25 is enough to perform stable 
head operation, it is not necessary to form especially the ground layer 26. However, in order to pass sense current in 
the direction of thickness of the TMR effect magnetic-reluctance sensor film, the lower electrode 32 is connected to 
the ground layer 26. Therefore, the ground layer 26 also has a role of a part of electrode, and also has the role which 
adjusts the interval of the up shield layer 1 1 and the lower shield layer 1 2 by the thickness of the sum total of the 
ground layer 26 and the lower electrode 32 further. Furthermore, it connects with the lower shield layer 12, and the 
lower electrode 32 uses the lower shield layer 12 as a part of lower electrode. On the other hand, the up electrode 31 
is connected to a part of flux guide 10. 

[0050] Although nickel-Fe, Co, Co-Fe, nickeHFe-Co, and these cascade screens can be used for the 1st ferromagnetic 
layer 22 and the 2nd ferromagnetic layer 24 like the gestalt 1 of operation, it is desirable to use material with large spin 
polarizability for an interface with the tunnel barrier layer 232. lr-Mn, Mn-Pt, Mn-Pd-Pt, and nickel-Mn can be used for 
the antiferromagnetism layer 25. Moreover, as the nonmagnetic interlayer s 21 material, Ru, Cr, Rh, Ms), and those 
alloys can be used, and the range of the thickness is 0.4 to 5nm in general. Being able to use for the tunnel barrier 
layer 232 the oxides and those mixture of the metal chosen from the group of aluminum. Si, Ti, V, Cr, Zr, Nb, Hf, and Ta, 
thickness is 0.5nm to 3.0nm. 

[0051] In addition, between the flux guide 10, the TMR effect magnetic-reluctance sensor film and the up electrode 31, 
and the up shield layer 11, the lower shield layer 12 and the lower electrode 32, insulator layers, such as an aluminum 
oxide and a mixed film of a silicon oxide, are formed. The lower shield layer 12 does not necessarily need to make an 
electrode serve a double purpose, and can connect the up electrode 31 to the up shield layer 11, and can also use the 
up shield layer 1 2 as a part of electrode. 

[0052] With above-mentioned structure, although the lower electrode 32 is arranged between the TMR effect 
magnetic-reluctance sensor film and the lower shield layer 12, as shown in drawing 6 , the lower electrode 32 may b 
arranged near the TMR effect magnetic-reluctance sensor film on the lower shield layer 12, and further especially a 
lower electrode may not be prepared, but the lower shield layer 1 2 may be used also [ electrode ]. 

[0053] As shown in drawing 5 and 6, the magnetic-reluctance sensor using the TMR effect magnetic-reluctance sensor 
film Magnetization of the 1st ferromagnetic layer 22 which is the free layer of the TMR effect magnetic-reluctance 
sensor film is combined with magnetization of a flux guide 10 in antiferromagnetism through the nonmagnetic interlayer 
21. By adopting the structure which has arranged the TMR effect magnetic-reluctance sensor film inside a sensor, 
there are the following merits compared with the magnetic-reluctance sensor which the TMR effect 
magnetic-reluctance sensor film exposed to the medium opposite side. Namely, although an output stops coming out in 
the case of the TMR effect magnetic-reluctance sensor film when it connects too hastily, in case the 1 st 
ferromagnetic layer 22 located in the upper and lower sides of the tunnel barrier layer 232 and the 2nd ferromagnetic 
layer 24 are lap processings of the medium opposite side 1 With the structure shown in drawing 5 or drawing 6 , since a 
flux guide 10 is deleted in the case of lap processing and the TMR effect magnetic-reluctance sensor film is not shaved 
at all, the defect accompanying processing can be reduced considerably. 

[0054] Next, the structure for impressing a vertical bias magnetic field using drawing 7 - drawing 9 is explained. Drawing 
5 or drawing 6 has been foundations, and these establish the structure for impressing a vertical bias magnetic field to it. 
In addition, in drawing, the nonmagnetic interlayer 21 is a fragmentary sectional view about the **** [ it ] with the 
bird's-eye view. 

[0055] In the magnetic-reluctance sensor which prepared the flux guide, although the Barkhausen noise of the free 
layer of a magnetic-reluctance sensor film is naturally suppressed, in addition since a free layer gathers as a signal the 
noise generated by the flux-guide film as it is, it is necessary to impress a vertical bias magnetic field also to a flux 
guide. In this invention, since the 1st magnetic layer 22 and flux guide 10 which are a free layer have joined together in 
antiferromagnetism, a vertical bias magnetic field will be impressed to both by establishing the structure for impressing 



a vertical bias magnetic field to either. 

[0056] Drawing 7 is the structure which carried out the laminating of the vertical bias impression layer 33 on the flux 
guide 10, and drawing 8 and drawing 9 are the structures which formed the vertical bias impression layer 33 in the ends 
and both the sides of a flux guide 10. Also in which structure, the Barkhausen noise of both a flux guide 10 and the 1 st 
ferromagnetic layer 22 can be suppressed. 

[0057] Permanent magnet material can be used as a vertical bias impression layer 33. Typically, the CoCrPt film should 
be formed on Cr ground. In addition, you may use CoCrTa, CoPt, CoCrPtTa, and the material that added Zr02, 
aluminum 203, Ta205, etc. to these. Although thickness of the vertical bias impression layer 33 can be made into th 
range of 8-120nm according to the value of the thickness of a free layer, and the residual magnetic flux density of 
permanent magnet material etc., it is 30-40nm typically, magnetic properties — typical — coercive force Hc:2000Oe, 
residual magnetic flux density Br.0.8T, and a square shape ratio — although it is Br/Bs:0.85, it is not limited to this The 
direction of magnetization is the direction of the width of recording track. 

[0058] In addition, although the case where the vertical bias impression layer 33 was formed in the flux guide of a 
magnetic-reluctance sensor which used the TMR effect film as a magnetic-reluctance sensor film here was explained 
A vertical bias impression layer can be prepared in the flux guide of the magnetic-reluctance sensor using the GMR 
effect magnetic-reluctance sensor film shown in drawing 2 as well as [ completely ] drawing 7 - drawing 9 . The 
Barkhausen noise of both 1st free layer 22 of a flux guide 10 and the GMR effect magnetic-reluctance sensor film can 
be suppressed by it. 

[0059] With the gestalt 3 of the [gestalt 4 of operation] operation, although the flux guide is constituted by the flux 
guide 10 of one sheet, as shown in drawing 10 , it may constitute a flux guide from two portions, the 1st flux-guide 
section 110 and the 2nd flux-guide section 11 1. In the 1st ferromagnetic layer 22 of the TMR effect 
magnetic-reluctance sensor film, it has joined together in antiferromagnetism through the nonmagnetic interlayer 21 in 
a part of 1st flux-guide section 110. The 1st flux-guide section 110 and the 2nd flux-guide section 111 have touched in 
the position which extended far back in the element height direction more rather than the position where the TMR 
effect magnetic-reluctance sensor film is arranged, these flux-guide sections 110,111 form the magnetic circuit, and 
the magnetic field which invaded from the medium passes along with a magnetic circuit. Such composition is suitable 
for reproduction of vertical recording. In addition, arrangement of the up electrode 31 and the lower electrode 32 will 
not necessarily be the limitation of this view, rf sense current can be supplied in the direction of thickness of the TMR 
effect magnetic— reluctance sensor film. 

[0060] The structure which prepared the vertical bias impression layer in the flux guide which consists of two portions, 
the 1 st flux-guide section 110 and the 2nd flux-guide section 1 1 1 , is shown in drawing 1 1 - drawing 13 . In drawing 1 1 , 
the vertical bias impression layer is prepared in the portion pinched by the 1 st flux-guide section 110 and the 2nd 
flux-guide section 111, and it is possible for this to suppress the Barkhausen noise of the 1st ferromagnetic layer 22 
which is the free layer of the two flux-guide sections and TMR effect magnetic-reluctance sensor films. In drawing 12 , 
the nonmagnetic gap layer 35 is formed in the portion pinched in the two flux-guide sections 110 and 111, and the 
vertical bias impression layer 33 of a couple is arranged by both side of the two flux-guide sections 110 and 111 and 
nonmagnetic gap layers 35. Moreover, drawing 13 arranges each one pair of vertical bias impression layers 330 and 331 
by each side of both of the two flux-guide sections 110 and 111. Also in which structure, the Barkhausen noise of the 
1st flux-guide section 1 10, the 2nd flux-guide section 111, and the 1st free layer 22 can be suppressed. 
[0061] The merit of the structure of drawing 1 1 is being able to carry out pattern formation in once, after forming a flux 
guide 1 10, the vertical bias impression layer 33, and a flux guide 111. However, since the material which constitutes a 
flux guide 1 10 is generally face-centered cube (FCC) structure, when a permanent magnet film (vertical bias impression 
layer) is formed on it, there is a demerit that big coercive force is hard to be obtained. The structure shown in drawing 

12 or drawing 13 cancels this difficulty. What is necessary is just to form the vertical bias impression layer 330,331 in 
two flux guides 110 and 111 separately like [ in such a case ] drawing 13 with the structure of drawing 12 , respectively, 
sine there is a possibility that the thickness of the vertical bias impression layer 33 may become thick, and a bigger 
vertical bias magnetic field than required may occur, although there is a fault to which, as for the structure of drawing 

13 , a process becomes complicated compared with the structure of drawing 12 . 

[0062] Moreover, as shown in drawing 14 , the TMR effect magnetic-reluctance sensor film can also be arranged the 
1st flux-guide section 110 and inside the magnetic circuit which the 2nd flux-guide section 111 forms. However, it is 
necessary to form the 2nd flux-guide section by a soft-magnetism film with high electric resistance, for example, the 
discontinuous multilayer of the magnetic substance and an oxide, so that sense current may not connect with the lower 
electrode 32 too hastily through the 2nd flux-guide section 1 11 in this case from the up electrode 31. About the 
vertical bias impression layer in this structure, it is desirable like drawing 13 to arrange a vertical bias impression layer 
in each of two flux-guide sections. Moreover, if the structure shown in drawing 14 is adopted, the interval of the up 
shield layer 1 1 and the lower shield layer 1 2 can be narrowed like the relation between drawing 3 and drawing 4 . 
[0063] In addition, although the gestalt of this operation explained the case where a vertical bias impression layer was 
prepared in the flux guide of a magnetic-reluctance sensor which used the TMR effect film as a magnetic-reluctance 
sensor film A vertical bias impression layer can be prepared in the flux guide of the magnetic-reluctance sensor using 
the GMR effect magnetic-reluctance sensor film shown in drawing 3 or drawing 4 as well as [ completely ] drawing 1 1 - 
drawing 13 . The Barkhausen noise of both 1st ferromagnetic layer 22 of a flux guide 10 and the GMR effect 
magnetic-reluctance sensor film can be suppressed by it 

[0064] [Gestalt 5 of operation] drawing 15 is the partial cross-section perspective diagram showing the structure of th 
magnetic head by this invention. If the record element 3 which consists of a coil 16 interlinked with the magnetic core 
and magnetic core of the couple of the lower magnetic pole 14 and the up magnetic pole 13 is formed on it, using the 
magnetic-reluctance sensor using the magnetic-reluctance sensor film shown in the gestalt of the above-mentioned 
implementation as a reproduction element 2 as shown in drawing 15 , the magnetic head corresponding to higher 
recording density can be offered. 

[0065] Moreover, if such the magnetic head is used, the magnetic recorder and reproducing device which has high 
recording density can be offered. Drawing 1 6 is the schematic diagram of the gestalt of the 1 operation. The magnetic 
recorder and reproducing device has the magnetic-recording medium 201 which records information magnetically, the 
motor 202 made to rotate this, the writing of the information on the magnetic-recording medium 201 and the magnetic 
head 203 which performs read-out, the suspension 204 supporting this, the actuator 205 that performs positioning of 
the magnetic head, the read/write circuit 206 which proc sses information (record regenerative signal). If the magnetic 
head shown in drawing 15 is used as the magnetic head 203, the magnetic recorder and reproducing device of high 
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recording density is realizable. 

[0066] Moreover, disk array equipment can be constructed by combining two or more above-mentioned magnetic 
recorder and reproducing devices. In this case, since two or more magnetic recorder and reproducing devices are 
treated simultaneously, an informational throughput can be made quick and the reliability of equipment can b raised. 
[0067] It is a book, even if it makes it the structure which carries out the laminating of the 1st ferromagnetic layer 
which is a free layer, a nonmagnetic conductive layer or a tunnel barrier layer, the 2nd ferromagnetic layer, and the 
antiferromagnetism layer through a nonmagnetic interlayer on a flux guide, although the flux guide is prepar d on th 
magnetic-reluctanc sensor film with the gestalt of the above operation. Moreover, it is the same, even if it prepar s a 
reproduction element on it, after forming a record element 
[0068] 

[Effect of the Invention] According to this invention, high stability can acquire by aiming at improvement in sensitivity 
and impressing a vertical bias magnetic field to both free layers of a flux-guide film and a magnetic-reluctance sensor 
film by combining a flux guide and a free layer in antiferromagnetism in the structure using a flux guide, without not 
exposing magnetic-reluctance sensor films, such as a GMR effect film and a TMR effect film, to a medium opposite 
side. 



[Translation done.] 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not b translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing showing the result of the model calculation which shows the difference between the conventional 
technology and this invention. 

"Drawing 2] The cross section of an example of the magnetic-reluctance sensor by this invention. 

The cross section of other examples of the magnetic-reluctance sensor by this invention. 
The cross section of other examples of the magnetic-reluctance sensor by this invention. 
The cross section of other examples of the magnetic-reluctance sensor by this invention. 
The cross section of other examples of the magnetic-reluctance sensor by this invention. 
The cross section of other examples of the magnetic-reluctance sensor by this invention. 
Drawing 8] The cross section of other examples of the magnetic-reluctance sensor by this invention. 



Drawing 3 



Drawing 4 



Drawing 5 



Drawing 6 



Drawing 7 



Drawing 9 



Drawing 10 



Drawing tt 



Drawing 12 



Drawing 13 



Drawing 14 



The cross section of other examples of the magnetic-reluctance sensor by this invention. 
The cross section of other examples of the magnetic-reluctance sensor by this invention. 
The cross section of other examples of the magnetic-reluctance sensor by this invention. 
The cross section of other examples of the magnetic-reluctance sensor by this invention. 
The cross section of other examples of the magnetic-reluctance sensor by this invention. 
Drawing showing other cross-section structures in the magnetic-reluctance sensor of the gestalt 4 of 
operation of this invention. 

[Drawing 15] The bird's-eye view and fragmentary sectional view showing the structure of the magnetic head of this 
invention. 

[Drawing 161 The schematic diagram of the magnetic recorder and reproducing device of this invention. 
[Drawing 17] Explanatory drawing of the reproduction wave of a solitary wave. 
[Description of Notations] 

A medium opposite side, 2:reproduction element, 3:record element, 10 : 1: A flux-guide film, 110: — the 1st flux-guid 
section and 111: — the 2nd flux-guide section and all :up shield layer — 1 2: A lower shield layer, a 1 3:up magnetic 
pole, a 14:lower magnetic pole, 15 : A magnetic-reluctance sensor film, 16: — a coil, a 21 nonmagnetic interlayer, and 
22: — the 1st ferromagnetic layer and a 231 nonmagnetic conductive layer — 232: A tunnel barrier layer, 24 : The 2nd 
ferromagnetic layer, 25:antiferromagnetism layer, 26:ground layer, a 31:up electrode, a 32:lower electrode, 33:fength bias 
impression layer, and 330: — the 1st vertical bias impression layer and 331: — the 2nd vertical bias impression layer, a 
35:nonmagnetic gap layer, the lOXhelement height direction, and the direction of the 101:width of recording track 
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=h.T. SiE)tC/^'rTXtt®T-l*^<'S-i.Ci:. A^ST? 
lA<tf£oivc4,, K1 O0>ffiSUSSt-tr>-*M 

[00 4 4j imm<omm2] nm<ommMz)si^x 

It. K*<atX#<f Kl oa>^T?«fi£$*iTt>-5 
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2 ©«■£**-< KSP1 1 1W2 0(DSS»T-am**-1' K£ft 
m&m (gftJS) 22tli. %MtM3kii^ KSM 1 o 

©-att?#«tttpraB2 i ^tfrL-cRsmrawicig^L 

TW. Sg 1 <D»m*V KSM 1 Oi:m2<Dttm*V K 
8B1 1 114. GMR&5BS«ifc-fe>-*IB*<RB;**iT 

crasy. c*t *©«£*** K»i 1 o. m ttsm 
ic»oxayttits„ 

[0 0 4 5] c©4?fcBj£iz-r-&i:. 5£66©15»1© 

1 7 ic. SEtiifc£;&<&l*ffl:a:«£3tl6©*JS ! 
Jft-tr >V-\z& o TB4 U fcft ©S±36R* t ® 3 

Lfc*H;&6©»£©«3USft-fe «fc oTS4 Lfc 
&0>n± : &te*ir^ . Sitag£*».*:i£«:£. @2©.fc 

5 1- 1 tt©«^**'f k 1 o kth^-t 

-St, 017 (b) <0<k-?ti©lct o — **<fc£S£;R 

©<i#«i33ii4 tr— > *»— o L6^s*tJfet^*$t±afip^ 

@3©«fc5lc2*fc©tt«i:tf-f K&1 1 o, m$tt 
&Btft^v K-CH^^t. 017 (a) G>«fc5fciM$ 

[0046] 04 ©4?!::. g5 1 ©tt-fetf-f KSP 

1 1 OiS2©tttAV KS»1 1 1 *«SU3» 
<OI*iaiC G M R&**SU&£i* LT 4,4 

IV m 3 lei* Lfc±SP->-^ KB1U GM RSb*«ta 
«8Hr >^B(DIBi:^ 1 (Ott^AV K* 1 1 D & g 2 <D 
«3fc*f-f KSP 111 £»j£-f5»gl4. H4tf Lfc^ 

1 oatx** ksb 1 1 ot%2 o>u*i54 mm *< 
^aaisiK<»rtat(-GM R^«a»etir >-y-s 

*>— * KB 1 1 tT&->—)l KB 1 2©ra©lfflHl^a< 
-&©l4StL<fc£., @4lc^Lfc«iitt, ttSfl4 

>-y-K*<BBa$tiTu*»fc*i+. (GMR^ata«tt 
•fe>^+ttm**w K) ©m££li5<T-#£©-i?. -tSU 
v— ;u KB 1 i tTSP'>— ;u KB i 2©ra©raH£tfc< 
f -5 C £ A<T- # -5 £ L> 5 A< fc •& . 

[oo4 7] cct, GMR3am«tm«Sv-b>-y-ro^ 

m 1 RUB 2 ©8t3ii:tf-f KS1 10, 11 1lct-b>x 

<b&©*a*££Bii§-e«*f£-f ■& - 1 A<M* Ll\, 



[0 0 4 8] [3li6©»^3] 0514. *f£IB©te©l£ 

MR^^^fflt^Ti^-6. mmammi tmm~. ±ss 

KS11. TBS*—* KB 1 2 ©rare, 
K1 OA<RS$;h.Tisy. miSAV Kl 01*. J8H**tl»| 
ffii *&»?X$«|rii ooa TMR^*»Si«ft-b 
>^*^i+t.tiT^-6fiS t fcytn*xisit*. tm 

Raft«ft-b>^Bt©riB6Bt?fci>m 1 ©?i»ttB 2 2 
©B*bl4. #i«tif raB2 t^-LTBdR^'f K1 O© 

ttB22tt. h>*^Bil2 3 2^LT > RStlBtt 
52 5i:©3c»^lc* y-f©Wb©^A<»3?**iT 

Ctt?»©mi©aBttB2 2. K 
>*JU&SB 2 32.12 ©^BtiB 2 4 . S^ffittB 
2 5 t y««*4xTt^. 

[0 0 4 9] R^BBttifi2 5©TIC|*. T*B2 6^|6 
ttT&i>i>^ m2©SS«teB2 4tS^«H4B2 5ir© 
ra©3t«S«^*<3c^'d:^*v K»flEtfx5©t+»-C** 
<f?.tf. T16B2 6li^lcS«t-&^A<*t^ ML. T 
lfeB2 6lCtt. TMR^l8ai«ia^>-^R©MJl^(Rl 

Oft. «oT. T16B2 6ttm«©-SP<?:LT©(Sa4. 
*TU *t>lzT«feB 2 6i:TSPmS3 2©^tt©»*T- 

±&->—)v kb 1 i tT8i/-^Kii 2t©rara*p 

B-T4fiS«4,*^= TSPm«3 2l*T»i>— 

KB 1 2I-&8IU T^->-;U KB 1 2 £TS&m«©- 

SUirLTffl^Tt^. ±SSmS3 1 14. 

Kl 0©-»|Z««**VXLN-& 0 

[oo5oj si©^ai4B2 2»t/m2©aiiatiB2 
4izi*^ mteof&mt tmmz^ Ni-Fe. co, c 

o-Fo. Ni-Fe-CoS^bOaBISfflU 
4CtA<-C$4A*. K>^HeSB2 3 2t©l^®rcld: 
xf>»«*©*:^t>«*4^fflt^wtA<a* U^. R 

^81^82 51^14. I r — M n , Mn-Pt, Mn-P 
d-Pt, N i-Mn^ffll^Cti6«T'*4. *fe, * 
«ttt»raB2 1©«»tUTI4. Ru. Cr. Rh, I 
r»Ut^ttt,©^^fflt^Ci:Atr-^. *©)gJ5l4Sl 
taO. 4 nm^b 5 nm(DKIt£^. K l/^-JMSftB 
2 3 2 ICI4. A I , Si. T i . V. C r . Z r . N 
b. Hf. Ta©^— ^A>f,ai4*t«,#JS©K1b«!)» 
i;-t*lt.©Jl^«S^fflt^-5Ct*<T-^. J?£I40. 5n 

[0051] fcfc, 0E^*V K 1 O. TMR^mffltmS 

tt-b>-y-M^±spme3 1 ±ss->-;ukbi 1 . t 

g?->— ;UKB1 2. TSpm»3 2©raicl4. Mx.l4^b 
T^S-iAtSfty'J =i >©;1^lg/<Pi:©»6i»^A<^ 
*$*iTt^„ TSPi>-;uKBl 2l4#-rL.im«£3* 
fflf «Mttk< . *f=. ±gsme3 1 $±SP->-/i, K 
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m 1 1 izm&LT±&'>-n, kb i 2 ^meo-spi: l 

t O O 5 2 ) _t£©flii£T-IA. T M RSft*fflESt«tft-fe > 
■9-Sii:T»v— ;u KS 1 2 £©fai::TgPSI£ 3 2 A<&B 
£*iTU£A<. Seic^-T.k^lc, TS&*>— ^KB1 2 
±<DTMR&£m»»tt-b>-y-M0>i&#l::TS&S«3 2 
£ESLT4,<fc<. $t>lcli^IwTSP*ffi^lSl+-r. T 
S»*>-;uKBl 2£m«<!:3*fflLT*,J:l\, 

[0 0 5 3J TMR3S^ajRS6t-fe>-9-^ffll^«ESl 

«tt-tr>-9-M(Deda»T'ife4m i ©afctts 2 2 ©«Hb 
£#«i4*iaB2 1 ^LT«tm**-r k 1 o«nttfi 

a«!ttt»lc|S$$#, TMR&£i»&«ia-tr>+>-|g£-tr 

>-9-rtgpicsaLfcttit$»ffl-r-i.ztic«»:y. TMR 

St&3UBSlS!a-tr >-*HA<Bt&*tU9ElcRm 
fivfeV-tH-it'-iT. ^©.fc^fc* y y KA<fcS. -Tttt) 
TMR&£lB&«£-fe>-b-M©i3£l~l±. 

»mm 232 <D±-Fiz&&.-r&& i ©&«&« 2 2 

IS 2 ©StKttS 2 4 *<j8{**tl»lffi 1©7 7 :?ft)X©|glz 

6iz^-r«tiit-eii. 7 v^*jxot^i-i*«^*'-f Ki o 
0<M&*u TMRSft^ffiait56t-tr>-9-KI*±<»Jt.*i'5 

[OO 5 4] 5fc|C v l7~H9jffl^t»^W7X«S 

5 fc-SlMiH 6 A«i*l:6^T y . -tfti-JS/ w 
laicte^r. 3M8i±*raB2 1 £-tM*«stiiT-. ^*t<fc 

[00 5 5] K^Kltfc«Eft«tair>-y-lcteL^ 

-f KITC*38ifcLfcy ^X£aEtJBA<-t©££tl^<t LT 
tgoTL*5<0T% flfctl**-f Ktc*>«/WT:*»#£EP 

1 ©«&B2 2 ir«^*V K 1 OA<j£3iHt14Ml::*££ L 

[00 5 6) 071*. mZiii* K1 O-tlctft/WTXEP 
*PB3 3^«BLfc«jtT-fey, i8»a@9li. «/< 
-f TXEPfclB 3 3 £ K 1" 0 ©pSS&TffiBBI-S 
(ffcftj£-C-fc£. l*-f*i©t»i£l::fcl*-c4,. K 
1 0tmi<n^«t4B2 2(Dffi^<D/<;u^/\O-tf>y'< 

[0057] $8/\*-rTXBl*DB3 3irLTI*. Sfc^lB© 
«*45fflt^Cird<T-5«). ftSWI-l*. C rT«fe±l~ 
CoC r P tm£tetfLLtz*,<Dt?ZZttfT'2& < , * 
Wife. CoCrTa. CoPt. CoCrPtTa*. 



C*lt>»-Z r O2. AI2O3, T a2O5^t*^3ii0Lf= 
tt«Jffll>Tt<t:lV «/\*-f 7XSMH)B3 3©mi5l*. 

e*B<»ffiff. 5kxmE#mo>&mmj&®&o>mui:i~ 

(&CT8~1 20 nmroiEHt-rSCtA^^i^ #* 
I»ICtt3 0~4 0nmt?^. ttjMtttttftBMI:: 
I*. He : 2O00Oe, gStt£&j£B r : 

0. 8T, ft^itBr/Bs : O. 8 5f$i4A<, d+l 
l-«5t**l-&4.©-(?l*fc^,, Wb<D^|p|l*. h7 9i>B 

[0 0 5 8] Sfc. CClT-|*ffi3U8!a-fe>*K£ LTT 
MR^K^ffl^fcffiai«la-b>-9-(Dffim#'r K£*/< 
-< 7^.BPJ)DB 3 3 £gSI+fcia£l-O^Ti&liJl Lfc*<. @ 
2 ic* L fc G M R 8&3l«mi8ta-fe >-*K£ IB U*fc«SlS 
gt-t>-9-0)fflEm#'i' Klci@7~E9£±<PM$f::LT 
»/WT^H3»lB^lfil+^Ct6<-C5. **tl=J:oT« 
JfcAV Kl OtGM RsHi^lBSUSSHr >-*Jg©& 1 ©S 
£B 2 2 ©^©/^l^/x-tMr W -f X$-«HM-T* C i: 

[ O O 5 9 ] [ISS6©fl2ffi 4 ] H16<DJK!fi 3 T'l*. 

1 oiz^-r«fc5ic. mi©&3fc*v k»i i ots2© 

ttJft**-f K»1 1 1©2 0©gp#T-»3fc:tf'f KtML 

TticfcL'*,, tmr s*^at^«ts-tr >-*mo>m 1 ©3l«tt 

B2 2tl*. Ml <DBfcfc**-f K»1 1 0(0-SPT*^«tt 
*iaB2 1 fcrt-LT&SttteWlClS^LTL^., WllO) 
«m**-f K^l 1 Ofc*2<DBJlC#<r K»1 1 1 I*. T 
MRja»aa«Ki2>-9-KA<iES3?^TL^<4BJ: y 

.feym^S^^lSjI^H^ofcfiST-SLTfcy. c 
*i6<D«*^'f K9110, 111 l±fflt£USS&£ff£JiEL 
Tfey. !Stt:A>f>gAL/:ffli**<ffliSllB»ai3j»oTjiy 

tti+* 0 cro*5*«^ti*Sfiie»©ii±i~»a-c& 

-5. fcfc\ JiS»m«3 1Jtt/TSP««i3 2<DKBI*> T 
M RttBfltfttttt-ts >-^K<DISJ5^|6»c-tr >X^3!l*<tt 
l&T-#4xl*, j&rut*S(DfiByr-l*35:L>. 
[ooeo]$i a>tt^**-f K9not*2 ©mm*' 
-f K»1 1 1 ©2o©gB3^t>Bj£S;h.-&«36*V Kir 
«/WTXBPlllB*faitfc«jS*Hl i~@i 3lc^ 

r. ii i-cii. sn©i8j£*v k»i 1 otm2©m 
Kitrfcy. c*ti^*y. 2o©iS*v KSPtTMR 

3»*«ai«la-b>-»MB©efiBB-Cfc4m 1 ©?ifflE14B2 

@i 2t-i*. 2o©am**-r Kinotint 

ft*4ife£3H=Mt1£¥-v -^§3 5 ^^l+. 2 o©» 
m*V K»110t111 t*fflt*+'»^l3 5©j35 
Blc-»©«y<-< rxEP*PB3 3 ^ffiB Lfc*©t?fe 
-5. 0l3li, 2-5ffiI$*V Kttl 1 Ofc 1 1 

1 (O^Hx^itOmmzW^ TXWiDB 330t331 

^t. S1©«$^ KSS1 1 0^12©!^^ KSPl 
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[O O 6 1 ] 0 1 1 ©Itii©* >) v htt. K 1 

1 oi:«A-fTXEP*Dg3 3i:a^*--f K1 1 i 

(fcc) «itr-fe4fc«>. *o>±i3*Aa5M 

-f&<DA<0l 2^Uttii 3lc*Lfc»jg^fc-6o 0 
1 3<0«Jgli. 01 2©Biit::it'<-S>£:7o-feXA<«!» 

13 3<DBtB*<JI< i'JMKlWJftl/WTXl 

3<D,»:5t20(Di$tf>f Ki i ot l 1 1 ic-tft-f ft 
SIBI-«/ W TXBJiOB 3 3 0. 331 £&ft*ttf £ 

[oo6 2] *fc. ai4ic*-r*5t» m 1 
muss© wane t m Rss^amsfiiii >-*©£kb^s 

§g2(0«ilt*V K8l 1 1 *aoTTS>m«3 2lcHr> 
xm3SA<fi«Lfcl>«fc5K. t2©l$*-'f K8£*» 

7XBJ*D*l='3L>-CI±. 013<D«fc5fc. 2-3C1J*" 

llv *fc. 01 Aiziji-rm&z&mr&t. m3tm 

B T 2 (DiafiS£l* < -f-6 C £ *<T £ 

[oo6 3] <ffc. *mM0>&mx-t*msmiii*>-#m 

Kfc«MV7XfWnB£SM*fc*£l::oi>TiiWJLfc 

03fcaiM*04lC*LfcGMR&£8&«ta-fe> 
■9-K^fflL>fc»a«ttH2>*(Da**V KK4.01 1~ 

«ta-b>-^BCDm 1 ©§MftttB2 20>m^<O/i)^/\O 
[ O O 6 41 [3SJ£<Dft5© 5 ] 0 1 5 li. *f£^lCj: i> 

F<r>m&£iji?&#mm$m®x-»!>z>. 01 5 

©±1=. T88HI1 4,Rtf±g&iMI1 3<D-«(D«a=i 
7t. *©8§t37i»3^f 5=1^1 6ft^fe-&SB» 

[0065] Ca>J:?'SaiSl^ V K^fflt^-St, 



%mMK2 0-l t. Ctl$0te$-&-5 ; E-f-2 0 2 

m%«&mmi*2 o i ^©flMgtDB^a^s^asL 

^204t, Bft"t? K<DfcSSfeit>£fi57^J.l— 
?-205t. fiHS.(fBlillife<l^) 
/^-f h(Hj«S2 O 6<fi:^*LTL^„ »Si^ vK2 0 
3 t LT, 01 SlzifvtlS&'^y K£JBU-S>i:. SIB® 

[0 0 6 6] £fc. ±SBtt3tlHllff 

to o 6 7] m.±<Dnmo>M&x>n. m&&m-t>-*m 

tt*B3B£:fr LT ei&BT'fcSffr 1 (DBBt&B. 
S*Bfc£LMih>*ju©aB. m2<D5SBHiB. S3* 
«ttB5SB-r*«itlcLTt,. *SEI8<D3»*fiS*5-S 
t©t?l*/«ft''o Se§t^£fl*J$Lfc«r::*<D±l:: 

[O O 6 8] 

^-ric»^*V K^ffll^SliSlcfc^T. B**V Ft 
e SB £ R?S»14fi<)lz«^ c t lc«k y SSOiSiJi 

IE 2) *mmizjzzmsi&Vi-k>vo>-wo>mm&i& 

B. 

m 

jC0 o 

[06] *fEeBlr.fc^)«^«tt-tr>-9-<Dtero«(0BiffiS 
SC0. 

[07] *%w\z&bm*mk*^-*<»fe<»m<r>mfti& 

SC0. 

^0o 

[09] *fg^lcJ:^«a»ta-fe>-9-<Dtea)e>|0)»iB^ 
S0. 

[01 o] **!8»c^sfflEmsett>-y-a>te©«)©tBiffi 

St5t0. 
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[01 1] *%WlZ >-*(Dte<Dmo>mm 
&SC0. 

[012) *SEWlr«fe*«Si«ta-tr>-9-CDte(0«©»ia 



«st0. 

[@i 5] **w(D«a^-y K©«jt^si-r«i«aufSP 

#»jffi0. 

[016] *%I8<D&$lfB£iW±£Sa#fBS0. 

[017] ffl3l:jiS<D?s±2£«*0>iltiiil0.> 
[#^a>KW] 



1 : &#*tl£)S. 2 : n±9h=i- . 3 : lEii*^, 1 O : 

KK. HO:fl -T KSP. 111: 

S2fflI$*V 1 1 : ±SP->— )V KJf . 1 2 : T 

SPv-JU KB, 1 3 : ±gB««L 1 4 : TSSffiS. 1 
5 : »m»in-fe>-9-H. 1 6 : 3-f Jk 2 1 : 2E»14* 

ichjb^ 22:n <D&m&m. 231: ihki4ssb. 

23 2 : h>*;M©SB. 2 4 : ^ 2 O&iBMlB. 2 
5 : £$$»14B. 2 6 : TftfeB. 3 1 : ±8*8. 3 

2 : TgmiS. 3 3 : 7XEPJ0B. 330:g1 

TXEPJlDB. 33 1 : m 2 7 X 0MB 
35 :*«14^>-y^B. 1 0 0 : ^JB^^ISJ, 
10 1: h7?9«E&ft 
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02)&mm J£# F*-i*(##) 26017 AAOI AB07 AD54 

^«»S»#rfim^^a— TB280S* 50034 BA04 BA05 BA08 BA18 BB08 
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